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Abstract 
The present paper proposes  an  innovative and  inductive 
ballast-based power LED supply. This new design LED 
powering solution is a cost-efficient alternative to high-end 
switching mode power supply (SMPS) used to feed LED 
clusters. The current supply circuit topology  will be 
explained. The AC component of the LED current is 
analysed both from the ballast inductance and the value of 
the DC filtering capacitor  standpoint. The PSIM and 
MATLAB tools have been used to simulate the circuit output 
when different ballast voltage conditions will  be  applied. 
Transitory and steady-state driver performances have been 
taken into account. 
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Introduction 
Incandescent and fluorescent lamps are the most 
popular  devices that have been making the lighting 
history for longer than  a century. The last decade 
demand for a massive reduction of CO2  emissions 
within every industry all over the planet Earth calls for 
green lighting solutions. Recently, Japan and a few 
European countries have fully discontinued the 
production and use of fluorescent lamps to grant the 
LED industry the opportunity to take over the high-
efficient lighting market. 
Solid State Lighting is currently most energy efficient 
lighting. More lumens for a better lighting need more 
electric power to feed  LEDs. The LED technologies 
save up to 70% the energy used by incandescent bulbs 
applications.  
A good thermal management allows LED clusters to 
reach a 50.000 hours lifetime, 5 times longer than that 
of a fluorescent lamp. However, the lifetime of a LED 
solution is upper limited to the shorter 20.000 hours 
lifetime of the SMPS drivers. On the other hand, the 
cost of a SMPS driver doubles  the price of a LED 
lighting solution.   
A long life, robust, and cost-efficient LED driver 
technology is proposed in the present paper. Inductive 
ballast positioned in the AC stage of a 230 V/50 Hz 
input voltage supply is used to mitigate the current 
ripple in the LED device. The inductive ballast is 
robust, eco-friendly, and able to maintain  a high 
recycling ratio.  
The passive and active components within the LED 
driver are mature, reliable, on-shelf parts. Similarly, 
transformer less technology allows  the LED driver 
with small sizes, easy connections, and efficient heat 
removal, and economical costs. 
The electric performances of the LED driver are 
presented in this paper. Diagrams of current ripple 
versus the ballast inductance are shown. In addition, 
simulations of the circuit output are performed.   
The LED Driver Design 
The LED driver supplys  the LED assemblies with a 
constant current.  
The LED driver circuit is shown in fig. 1.  
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FIG. 2 LED  ASSEMBLY LOAD 
 
FIG. 3 HIGH CURRENT RIPPLE / LOW CURRENT RIPPLE 
 
The LED driver is a three-stage circuit. 
The input stage brings out 230V/50Hz power from the 
mains, which is then delivered  to the circuit. The 
resistor R acts as  a fuse which damps  the current 
surcharges. The C1 capacitor short-circuits  the high 
frequencies (harmonics of the 50 Hz mains frequency) 
overvoltage  in  which the mains may hazardously 
develop. Further, C1 is commissioned to improve the 
power factor correction (PFC) by drawing magnetic 
field energy away from the ballast. Experiments have 
shown that the PFC has been  improved  from 0.92 
(active power =120 W) without C1 to 0.75 (active 
power =160 W) with C1. 
The inductive ballast L1 is the core component within 
the circuit. L1 value is designed to provide the LED 
assembly with the constant current required by the 
lighting pattern. Moreover, L1 rejects  the high 
frequencies signals emerging from the mains power 
outlet.   
The ballast current is limited to the saturation current 
in the hysteresis figure of the magnetic core in order to 
prevent  it from  overheating. Imax=1.2  A has been 
chosen to fit the LED assembly needed.    
The second stage of the LED driver is the rectifier 
bridge which provides the LED assembly with DC 
voltage. The rectified current in the bridge is a heavy 
duty short conduction angles flow which charges the 
C2 capacitor up to the DC voltage required by the 
power LED load. 
The third stage is composed of the C2 electrolytic 
capacitor and the LED assembly. C2 filters the rectifier 
voltage to the DC value with an affordable voltage 
ripple.  
 
The LED assembly is shown in fig.2. The load 
combines four parallel high power LED strings of 30 
serial LEDs. The load requires a rated voltage of 100V 
and a direct current of 300 mA. 
The LED driver operation relies  on the compromise 
between the 50 Hz ballast impedance and the 
capacitance of the filtering capacitor. The higher the 
inductance is, the smaller the capacitance is; leading to 
a better ripple current value flowing through the LED 
load.  
PSIM software has been used to simulate  the 
fluctuations of the LED assembly current and the 
effects of the ballast inductance and filter capacitance 
over the current ripple.  
LED Current Ripple vs. Ballast Inductance 
The current ripple periodically exhibites  ups and 
downs around the LED load DC current. A high 
current ripple may endanger the LED assembly by 
excessive heating. Additionally, the filtering capacitor 
could fail to work if high voltage ripples are allowed 
so as the disturbances from the input stage make their 
way to the LED load for disruption.  
Fig.3 shows a high and a low ripple on a scope screen. 
As the ripple ranges  from 200  mA to 800  mA, the 
LEDs illuminance is drastically changing. Therefore 
the viewer’s eyes should support the discomfort of fast 
trips between low and high light within the 
environment. A low current ripple LED driver is 5% 
more efficient in terms of illuminance. 
 
 
The ballast inductance proves  major effects on the 
output current ripple. The recommended current 
ripple is less than 20% of the average current within 
the inductor. Any fluctuation on the driver input 
causes the ripple to change. 
The inductor coil should handle the peak switching 
current off the saturation range. The circuit in fig.1 has 
been emulated to determine the effects of the inductor 
on the output current ripple. 
The present work deals with L = 30 mH, 100 mH, and 
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transitory phase and the steady state  regime. The 
series equivalent ohmic resistance within the first 
stage is r = 10 ohm. The transitory operation of the 
circuit is simulated within MATLAB  environment, 
while the steady state  regime has employed  PSIM 
software. 
 
 
 
 
 
 
 
 
FIG. 4 TRANSITORY PHASES OF THE INDUCTANCE CURRENT 
AND FILTERING CAPACITOR VOLTAGE 
L= 30mH, C=100µF, r=10Ω 
Fig. 4 shows the current within the first stage and the 
filtering capacitor voltage, respectively. The capacitor 
changes  from  0 V up to the highest voltage level 
throughout its operation. At t=7.3  ms, when the 
current feeding the capacitor reaches  zero, the 
capacitor starts to provide current to the LED load. 
 
 
 
 
 
 
 
 
FIG. 5 IL, UL, ILED, UC    CURVES IN STEADY STATE REGIME 
L= 30mH, C=100μF 
The inductance current, IL, the inductance voltage, UL, 
the filtering capacitor voltage, UC, and the LED current, 
ILED, have been plotted, as seen in fig. 5. The initial 
current  charges  the filtering capacitor up to a 
maximum voltage, which energizes the LED load into 
conduction. Once the steady state  regime is set, the 
filtering capacitor voltage periodically trips around a 
DC level to renew the capacitor energy during a small 
conduction angle of the rectifier bridge. The ILED ripple 
is around 0.45 A. The UC ripple reaches 40 V. 
A larger L=100 mH inductance i increases the time the 
current needs to charge the capacitor to 9.8 ms. Both 
the current and the capacitor voltage decreases their 
amplitudes, as the inductanceacquires  more voltage 
drop (fig.6).   
 
 
 
 
 
 
 
 
 
FIG. 6 TRANSITORY PHASES OF THE INDUCTANCE CURRENT 
AND FILTERING CAPACITOR VOLTAGE 
L= 100mH, C=100μF 
At L=100 mH, the current through the ballast reaches a 
lower  transitory  peak  IL  = 6  A, while ripples are 
improved to 0.2 A and 17.5 V, respectively (fig.7). 
 
 
 
 
 
 
 
 
 
 
 
FIG. 7 IL, UL, ILED, UC    CURVES IN STEADY STATE REGIME 
L= 100mH, C=100μF 
 
 
 
 
 
 
 
 
 
 
FIG. 8 TRANSITORY PHASES OF THE INDUCTANCE 
CURRENT AND FILTERING CAPACITOR VOLTAGE 
L= 381mH, C=100μF 
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The initial current length reaches 13 ms, longer than 
half the period of the input voltage. The maximum 
transitory current is limited to 3.6 A.  
 
 
 
 
 
 
 
 
 
 
FIG. 9 IL, UL, ILED, UC    CURVES IN STEADY STATE REGIME 
L= 381mH, C=100μF 
The capacitor voltage ripple decreases to 7  V, while 
the current ripple within the LED load is 0.125 A.  
L=381 mH and C=100 μF have been considered to 
build an experimental LED driver. The current and 
voltage measurements  have confirmed an  optimal 
circuit design enabling reasonable LED current ripple 
with economical costs. 
LED Current Ripple vs. DC Filter 
Capacitance 
The simulation has demonstrated that the lower the 
inductance is,  the worse the LED current ripple is. On 
the other hand, a lower inductance decreases  the 
ballast size, hence the circuit could benefit from better 
costs.   
The electrolytic capacitor allows the circuit to have the 
improved output ripple. The transient current within 
the LED load is supplied  by the filtering  capacitor; 
therefore the current ripple dependsg on the capacitor 
performances.  
 
 
 
A MATLAB simulation has been used to estimate the 
effects of the electrolytic capacitor over  the  driver 
output characteristics. In order to achieve optimum 
driver performances, we do  need to settle a 
compromise  between  a large capacitance of the 
filtering capacitor and a low inductance, competitive  
FIG. 10 TRANSITORY PHASES OF THE INDUCTANCE CURRENT 
AND FILTERING CAPACITOR VOLTAGE 
L=30mH, C= 220 μF 
A MATLAB simulation has been used to estimate the 
effects of the electrolytic capacitor over the driver 
output characteristics. In order to achieve optimum 
driver performances, we do need to settle a 
compromise between a large capacitance of the 
filtering capacitor and a low inductance, competitive 
price ballast. L=30 mH inductance has been chosen 
together with a capacitance from the 220 μF…1000 μF 
box.  
Compared  with the design in fig. 4, fig.10 shows a 
longer current length of 8.9 ms and a lower current 
peak of IL=6.7 A.   
The curves in fig.11 demonstrate the improvement of 
the capacitor voltage ripple, which decreases to 20 V, 
half of the voltage ripplein fig. 5. Consequently, the 
LED current ripple has been substantially diminished 
at 0.25 A, a tremendous 80% decline of the ripple.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 11 IL, UL, ILED, UC    CURVES IN STEADY STATE REGIME 
L=30mH, C= 220 μF 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 12 TRANSITORY PHASES OF THE INDUCTANCE CURRENT 
AND FILTERING CAPACITOR VOLTAGE L=30mH, C= 1000 μF 
Fig.12 shows a transitory current length of 11 ms and a 
peak level of IL=2.2 A, if a larger C=1000 μF is used. A 
7.5 V voltage ripple mitigates the LED current ripple 
to a very small value of 0.05 A, making the steady-
state LED current almost flat (fig.13).   
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FIG. 13 IL, UL, ILED, CURVES IN STEADY STATE REGIME 
L=30mH, C= 1000 μF 
Conclusions 
Investigating the fundamental processes involving in 
circuit operation and integrating the time-domain 
differential  equations,  equivalent  circuit  impedances 
have been determined. The requirement for a constant 
current supplying the LED load, carrying a rated 
ripple, produces an algebraic formula which is plotted 
in fig. 14.  Experimental measurements demonstrate 
that L and C fit the curve in fig.14.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 14 INDUCTANCE VERSUS FILTERING CAPACITANCE, 
STEADY-STATE CIRCUIT CONDITION 
The diagram could be used to choose the ballast 
inductance and the filtering capacitance. However, as 
the diagram is sensitive to the circuit series resistance, 
a preliminary assessment of it should be accomplished.   
According to theoretical design and simulations, the 
higher the inductance is, the higher the capacitanceans  
the smaller the ripple measured are.  
An economical driver design claims  for small 
inductance  and high  capacitance.  The  proper high 
capacitance value of the filtering capacitor will prevent 
the LEDs from tripping outside the current range so as 
the light beam will keep the optical performance safe. 
The small inductance has demonstrated that there has 
insignificant noise effects on the driver.  
Smaller inductances produce higher current peaks and 
higher filtered voltages. Therefore, the rectifier bridge 
and the filtering capacitor current peak rates should be 
considered for proper design.  
The power LED current supply design has been 
focused on the inductance and filtering capacitance in 
order to have the LED current ripple at the lowest 
amount with economical costs.      
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